Abstract-The principal deviation between parameters of spectral characteristics of surface structures and whole cells of unicellular algae Dunaliella tertiolecta and Tetraselmis viridis before and after influence of elec tromagnetic field (EMF) has been determined. It was found that the dichroic ratio can characterize the degree of adaptation of the culture to changing conditions of the environment.
Numerous aspects of biological evolution begin ning from the conception of life until the development of social organization are considered through the rela tion of an organism with its habitat. This position is stipulated by the introduction of the definition of "a result" as the universal backbone factor. "Appearance of a steady system with features of self regulation became possible only because of the emergence of the first result of self regulation as the stability which is able to resist external influences. Consequently, a reg ulatory role of the system result was a first driving fac tor of system development which entailed all these stages of prebiological, biological, and social develop ment of matter" [1] .
In order for the self regulation processes to occur in the system, it must be "open" with the free inflow and outflow of the substance and energy from the external environment. "Simple living creatures of our planet are 'open' systems that are related to the envi ronment through the some chemical transformations beginning on the border of living multimolecular pro toplasm and continuing as the whole chain of single reactions, which end with harmful or useful result for life" [1] .
Despite the fact that changes in the system affected by alternating environment of habitat have an adjust ment character, the adaptation abilities of the systems are limited. In the case that the alteration level of a habitat is close to the limit of possibility, the system is in ecological and metabolic regress [2] .
Functioning of the system significantly depends on the volume and the rate of information exchange with the environment. Analysis of information can be accomplished on the basis of its asymmetry (symme try). In order to forecast the transition of the system to new state it is enough to determine the disbalance of forces. The maximal values of symmetry and periodic ity of its alteration during transition from one stage of development to another and interaction with the envi ronment allowed us to make a conclusion on the pos sibility of forecasting the development of a living sys tem. The disbalance of symmetry can be registered both in external structures of an organism and in the whole cell as the alteration of the degree of spatial organization of chemical bonds in the molecules of biopolymers. The physiological state of the culture related with the possibility of its adaptation to chang ing conditions of environment probably can be evalu ated by comparison of the character of alteration of direction of spatial organization in external structures with similar organization [3] .
At present, impact of a man on the environment is becoming dangerous. There is a necessity for sensible and purposeful activities which can change the situa tion. There is a lack of confirmed data on the impact on the environment of general hazardous ecological factors, such as industry and domestic wastes; emis sions of heat and power plants, whose operation results in emission of sulfur dioxide gas; public transport; soil pollution; etc. Ecologists are aware of continuous pol lution of the World Ocean by oil and mineral oils which already cover approximately 1/5 of its surface.
One of the important factors influencing the living organism are electromagnetic fields (EMF) of natural and man made origin from extremely low frequencies (3-30 Hz) to X ray (3 × 10 20 Hz). There are three accepted general types of biological activity of EMF: influence in living organisms of electromagnetic pro cesses which occur in the external environment, par ticipation of internal electromagnetic processes in vital activity of organisms, and electromagnetic rela tions between organisms. Fast growth of amount of artificial sources of EMF results in enhancement of electromagnetic pollution of habitat. There is reason to believe that further intro duction of technologies with implementation of EMF results in aggravation of the problem of danger of uncontrolled electromagnetic exposure of the human population.
Dichroic Ratio as the
Sources of EMF with commercial frequency 50 Hz are electric power stations, transmission facilities, city power systems, railway transport and any other electric drive transport, radio and television transmitters, etc. Sources of EMF with commercial frequency usually negatively affect humans, animals, cultures and wild plants, and insects and microorganisms. Even short contact of a human with EMF can result in a complex of neurological manifestations and heavy pathological reactions. In contrast to the microwave effect, the effect of low frequency EMF (50 Hz) is less studied due to their hidden effect which appears over months or years [4] [5] [6] [7] .
Living organisms are perspective for control over the condition of habitat because system response appears at certain alterations of the environment. It appears as either quantitative (alteration of amount of biochemical components) or qualitative (alteration of vectors of gradients of biochemical components and degree of their spatial organization) variants. Orienta tion of single chemical bonds with macromolecular components of the cells reflects in the spectra and characterizes biosystem organization in vivo in certain periods of time. Spectral data provide us with informa tion on alterations in cell structure because spectral characteristics are related with the structure of mole cules and atoms and reflect all alterations which occur in the cells affected by external factors, including elec tromagnetic waves.
In a previous work, we studied the effect of EMF with commercial frequency 50 Hz on the cell suspen sion of the culture Dunaliella tertiolecta and Tetrasel mis viridis and further development of the culture of unicellular green algae. Data on biochemical compo nents and their gradients both in the surface structures and whole nondestroyed cell of algae were received using the method of spectroscopy in unpolarized light [8] .
The aim of this study was to obtain data on changes in structural organization of important biopolymers of the cells of green algae Dunaliella tertiolecta and Tetra selmis viridis after 6 hr exposure of the cell subculture in EMF with a commercial frequency. The applied method of spectroscopy of internal reflection in polar ized light allowed us to fulfil our task.
MATERIAL AND METHODS
Algae Dunaliella tertiolecta and Tetraselmis viridis in stationary growth phase in the glass ampoules were placed into solenoid for irradiation for 6 h at 20°C. After irradiation, the suspension was inoculated into flasks with nutrient medium and incubated for 30 days at 20°C and illumination 3000 lx. Solenoid with field intensity (H) 1400 A/m was used as the source of electromagnetic field, and fre quency of alternating low frequency electromagnetic field was 50 Hz.
Noninvasive method of repeatedly destroyed inter nal reflectance (RDIR) [9] was applied for analysis of nondestroyed cells in infrared diapason 1200-1800 cm -1 . Spectral characteristics obtained in polar ized light using this method provided us with informa tion on the processes which are expressed by spatial reorientation of single (protein, lipid and others) mac romolecules. It can be supposed that proffered orien tation of certain chemical bonds in assembly of mac romolecular components of the cells is reflected in the spectra and can characterize the organization of the biosystem and its functional state in a certain time moment in vivo.
Calculation of dichroic ratio on the basis of absorp tion bands of proteins amid 1 (A 1 ) and amid 2 (A 2 ), which are important biopolymers of the cells, was car ried out in order to evaluate the reaction of cellular structures of algae D. tertiolecta and T. viridis. The measuring elements of optical ceramics and germa nium which provide light permeation into the cell at the depth from 0.1 to 3.0 μm were used in the experi ments. The angle of light flux θ = 45° is most conve nient for the record of spectra in parallel polarized light. In the case of disarray (isotropy) of distribution of molecules responsible for absorption in polarized light, the dichroic ratio is A = D || /D ⊥ = 2. Any devia tion from this value characterizes preferred orienta tion of chemical bonds of the cellular structures [9] . Each variant of the experiment was carried out in three replications. Standard error was not higher than 10%.
RESULTS AND DISCUSSION
It was earlier shown that growth of cells by the end of cultivation period in D. tertiolecta in comparison with control was 30% and in T. viridis was not found as the result of the influence of EMF on the inoculum of unicellular algae for 6 hr [7] .
Deviations between spectra recorded in polarized light agree with these results. Absorption spectra of the surface structures and whole cell according to bands A 1 after influence of EMF in both cultures were unchanged. Absorption spectra of bands A 2 after influ ence of EMF in D. tertiolecta were without distortion; however, in T. viridis these were much transformed, which evidences to significant changes of spatial orga nization of cellular structures, i.e., to disordered dis tribution of molecules (Figs. 1a-1d) .
Some studies [10, 11] showed that dichroic ratios of the absorption bands of main cellular biopolymers of algae D. tertiolecta and T. viridis were less or higher than two and change during culture development and conditions of environment. It was supposed that ordering (anisotropy) is a peculiarity of whole and not destroyed cells.
The study of algae D. tertiolecta and T. viridis in control have shown that surface structures are charac terized with some degree of disorder of organization of macromolecules, which is verified by dichroic ratio of spectra and whole cells characterized with some degree of order. However, isotropic state of surface structures drastically increases, touching the whole cell after influence of EMF.
The experiments show that, if dichroic ratios of the surface structures in normally developing culture according to band A 1 are close to two, then the system is disordered and, in that case, whole cell dichroic ratios significantly differ from two; i.e., the system transforms into an ordered state. The reverse ratio is also correct. If culture loses the ability for adaptation and normal development (in our experiments this is T. viridis) as the result of external influences, then considered ratios are not correct. The experiments show that normal value of dichroic ratios vary from 0.5 to 4.
The calculation of dichroic ratios of the spectra of culture T. viridis due to intense transformation of absorption bands A 2 was possible only in absorption band A 1 . Dichroic ratio of spectra of the surface struc tures in control was 3.1, and that in the experiment after EMF influence was 3.6. The value of dichroic ratios in whole cells before and after EMF influence was 1.9 and 3.8, respectively.
Usually, dichroic ratios are compared on the basis of one band of spectrum; therefore, calculations on the basis of spectra of D. tertiolecta were carried our only using band A 1 .
The calculations of dichroic ratios of spectra have shown that dichroic ratio of spectra of the surface structures was 1.9 in control for D. tertiolecta, which was more resistant to EMF influence, and that in the experiment after EMF influence was 3.9. In control samples, dichroic ratios of spectra of whole cells was 3.4 and that in experimental was 2.1. The study data characterize the normally developing culture which maintains adaptive possibility in experimental condi tions.
As far as dichroic ratios reflect interaction of cul ture with the environment, probably the degree of adaptation of T. viridis culture decreases as the result of EMF influence and its adaptive possibility is almost exhausted. Consequently, dichroic ratios can charac terize physiological state of culture and the degree of its adaptation to changing conditions of the environ ment.
The mechanism of EMF influence on biological objects is not clear. The sensitivity of biological objects to EMF is mostly stipulated by structural organization and functionality of the surface structures, including membranes [12, 13] . Membrane structures, by 93% and more, consist of proteins and lipids, whose ratio changes depending on the state of system. They pos sess a clear order whose material base is related with a character of distribution within the space of weak covalent bonds-directed gradients of their force. The degree of spatial organization of macromolecular complexes can be related with changes of the parame ters of chemical bonds. If biological macromolecules are considered as wave resonance systems then alter ation of these parameters must result in alteration of wave processes in these systems. An increase of the degree of the order results in drastic decrease of variety of resonance systems in the border layer. On the other hand, disorder of surface layer of organism supposes a greater number of molecular systems with diverse combination of resonance peculiarities, which provide information exchange between cell and environment, i.e., "openness" of the system [14] .
Data on changes in distribution and spatial organi zation of macromolecules, important biopolymers in surface structures, and whole cells before and after EMF influence have been obtained. The analysis of experimental data allows us to consider found changes in spatial organization of macromolecules on impor tant biopolymers in the algae cell as the impartial index of cell reaction on the damaging factor of the environment.
